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In view of its inhomogeneity and particularly
of the complexity of its dermal layer with its
blood vessels, glands, nerves and connective tis-
sue elements, it is obvious that chemical analyt-
ical data on whole skin will yield limited informa-
tion. (1). The epidermis, on the other hand, is a
tissue well suited for many types of biochemical
study, including the effects of irradiation (38),
since it is relatively homogeneous, avascular and
is continually undergoing proliferation and re-
newal. It consists of cells of different age which
are derived from one embryonic cell type. For
this reason, in recent times, more and more em-
phasis has been laid on the value of analyzing the
epidermis after its separation from the dermis (1).
A comprehensive review of the biochemistry
and physiology of epidermis by Carruthers and
Suntzeff (2) which appeared in 1953, called at-
tention to the complexity of this tissue in mam-
mals and to the paucity of biochemical data deal-
ing with it. They reported on its protein (30),
vitamin and mineral content and enzymic activ-
ity. In 1956, Spier and Pascher (35) published a
review of their work which included a quantita-
tive determination of sixteen free amino acids in
the outermost layer of human stratum corneum
(Hautoberfläche). There are, however, only re-
ports on qualitative analyses of these compounds
in whole epidermis. The present communication
deals with the following constituents of normal
guinea pig epidermis: free amino acids, ammonia,
nucleic acids and urocanic acid (TJCA). The
latter is the deamination product of histidine and
the first step in the metabolic breakdown of this
amino acid.
METHODS
1. Removal of epidermis: Albino guinea pigs,
weighing 500 to 800 grams, were clipped with an
Oster (number 2) clipper, killed with ether, skin-
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ned and the excised skin stretched and tacked
down on a piece of stiff cardboard. The stretched
skin was wiped with gauze soaked in ether and the
remaining hair stubble was removed from the
dorsal and lateral sides with a Ronson electric
shaver. The skin surface was freed of traces of hair
stubble by gentle pressure with a scalpel. The
epidermis was now peeled off from the underlying
dermis by increasing the pressure on the scalpel
and scraping. The major portion of the material
consisted of small sheets of intact epidermis, com-
posed of whole cells and corneum with some hair
follicles and sebum.
2. Analytical procedures: 50 to 100 mg of epi-
dermis was weighed and immediately homogenized
in 2% trichloracetic acid (TCA) in a Potter-
Elvehjem glass homogenizer with the aid of about
20 mg powdered quartz glass. The acid-soluble
constituents were removed by four washings with
2% TCA (final volume, 5 ml). The washed residue
was defatted by one extraction with a hot 3 to 1
alcohol-ether mixture and the nucleic acids were
determined in the residue by the method of
Schneider (3). Duplicate samples were analyzed by
the method of Ogur and Rosen (4). Ammonia,
IJCA, total free amino acids and inorganic and
organic phosphorus were determined in the acid-
soluble fraction. Moisture content was estimated
by drying the tissue at 70°C under vacuum and
a micro Kjeldahl method was used for ascertaining
percentage of protein nitrogen.
Ammonia: For analysis of ammonia, Conway
diffusion dishes were employed. A standard curve
was made using ninhydrin as color reagent.
Urocanic Acid (UCA): This compound was esti-
mated by the ultraviolet method (5) on aliquots of
the TCA extract, diluted 10 to 30 times with 0.05
M phosphate buffer at pH 7.4. A standard curve
was prepared, using crystalline urocanic acid. The
TJV values obtained for the diluted aliquots were
multiplied by 0.8, since separation of the UV ab-
sorbing compounds by ion exchange chromatog-
raphy has consistently shown that UCA comprises
about 80% of the total IJV absorbing material in
albino guinea pig epidermis (6). The high molecu-
lar extinction coefficient of UCA, 18,880, in the
ultraviolet and the presence of only trace amounts
of other UV absorbing compounds in albino guinea
pig epidermis make this method more specific than
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the colorimetric alkaline diazotization procedure
for imidazole compounds (34). The latter gave
values for TJCA, 2 to 3 times higher than the IIV
technic because of the presence of histidine and of
some unknown interfering compounds.
Free amino acids: Total free amino acids were
determined by the ninhydrin method (7). The
individual amino acids were separated by ion ex-
change chromatography (8). The glycine, alanine
peak was rechromatographed and separated on
columns of Dowex 50-4X (9). Proline was deter-
mined by the method of Troll and Lindsley (10).
Phosphorus: Inorganic and organic phosphorus
were determined by the method of Ada and Perry
(11).
Nucleic Acids: RNA and DNA were separated
from small amounts of epidermis by a modifica-
tion of the method of Ogur and Rosen (50 mg or
less of epidermis are recommended) (12). Hot 5%
TCA was used to extract the nucleic acids from
larger samples (3). RNA was determined colon-
metrically by the orcinol procedure and DNA by
the indole method (13).
RESUI1FS AND DISCUSSION
Urocanic acid: There is about 0.5% UCA, dry
weight, in albino guinea pig epidermis (Table I).
Analyses of duplicate samples at two levels (50
and 100 mg), from which these results were cal-
culated, varied by about 10%. This compound
has been detected in the sweat of man (14) and
in guinea pig epidermis. There are indications
that it is present in the epidermis of other mam-
mals as well (6). Its accumulation in epidermis
appears to be unique, for it is present in only
trace amounts in guinea pig liver and other vis-
ceral organs which contain an active urocanase
(15). The basis for UCA accumulation in epider-
mis is unknown and remains to be determined.
Since the guinea pig has no eccrine sweat glands,
it is possible that UCA is a metabolic product of
the epidermal cells. Workers interested in histi-
dine metabolism have found small amounts of
UCA in urine, but these results have not been
consistent (15).
The detection of significant amounts of UCA
in epidermis and of only trace amounts in the
underlying dermis is an example of the valuable
information which may be gained by analyzing
epidermis and dermis separately. This separa-
tion can be easily accomplished by scraping (29)
or by using a heat-separation method (27). Be-
cause of its avascular nature, certain metabolites
may tend to accumulate in the epidermis. They
(9.6—18.7)
* The values for the amino acids are given in
micromols.
f The average per cent moisture was 64.4
(58.0—70.0).
Standard error of the mean.
may also be introduced into this tissue from the
organelles in the dermis. it is obvious that anal-
yses of whole skin would have obscured the pres-
ence and importance of UCA in epidermis and
its concentration in whole skin would have been
recorded as a mere trace. Two other compounds
which were found by others in relatively high
concentration in mouse epidermis are calcium
(32) and citric acid (33), about 45 and 465 ig
per 100 mg wet weight, respectively. In addition,
enzymes such as proteinases (24), nucleases (25)
and arginase (28) are known to be highly active
in the epidermal layer and perhaps entirely re-
stricted to it.
Ammonia: The ammonia content of albino
guinea pig epidermis averages 0.4% of dry weight.
Analyses of duplicate samples varied by about
15%. Only trace amounts of urea were detected.
Using the data of Roberts and Frankel (16,
17), the ammonia and urea content of mouse
epidermis was calculated as 0.06% and 0.2% of
dry weight, respectively. These workers found
that normal adult mice have higher concentra-
tions of urea and preformed ammonia in the
epidermis than in the dermis liver, kidney or
blood. The epidermal urea content of these ani-
mals is higher than that of human epidermis.
TABLE I
Some chemical conslituents of normal albino guinea
pig epidermis
Coinjounds
Protein-N
Urocanic Acid
Ammonia
(NH,)
Total free
amino acids
RNA
DNA
No.
of
ani-
mals
23
31
29
34
31
31
.y*per mg.dry wt.
118±1. 90
(104—130)
5.28±0.19
(3.60—8.16)
4. 0±0. 14
(2.0—5.8)
0.84±0.02
(0.63—1.14)
14.1±0.40
(10.6—18.0)
12 .4±0. 42
% of7peryDNA dry
wt.f
9.3±0.45 11.80
(6 .6-12 .2)
0.45±0.05 0.53
(0.21—0.80)
0.34±0.04 0.40
(0.11—0.59)
0.08±0.01 11.00
(0.40-0.11)
1.16±0.04 1.40
(0.85—1.52)
1.24
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Nucleic acids: The RNA content of epidermis
averaged 1.4% of dry weight; that of DNA, 1.2%.
The RNA/DNA ratio was about 1.16 (Table I).
In Table III these values are compared with those
of other guinea pig organs. Although the epider-
mis is continually undergoing proliferation and
renewal, it does not appear to have the protein
synthesizing capacity of liver or pancreas, which
is suggested by its relatively low RNA/DNA
ratio (26). This lower ratio is consistent with the
shorter life span and complex protein metabolism
of epidermal cells (1). The basal layer of the epi-
dermis and the epidermal cells lining the hair
follicles may have higher RNA/DNA ratios than
the tissue as a whole. This, however, remains to
be determined.
Griesemer (29) found that during the resting
stage (telogen) of the hair cycle in the rat, the
epidermal RNA and DNA were 12 and 8.4 gamma
per mg dry weight, respectively. The RNA/DNA
ratio was 1.45. After the fourth day of the cycle
(early anagen), when the epidermis had tempo-
rarily doubled in thickness, the RNA content
increased to 17.5 gamma per mg dry weight,
whereas the DNA concentration had not changed
significantly. The RNA/DNA ratio rose to 2.22
during this period of hair follicle growth and
epidermal thickening. In contrast to the young
rat or mouse, each follicle of the guinea pig under-
goes an individual cycle during hair growth and
there are no spontaneous waves of hair cycles
and temporary thickening of the epidermis over
the entire body (31).
There is about 0.06% dry weight of inorganic
phosphorus in epidermis and a small but sig-
nificant amount of acid-soluble organic phos-
phorus. The latter may be the same compound(s)
which give(s) a test for small amounts of bound
ribose. No free or bound deoxyribose could be
detected, nor was there any indication of free
ribose.
Free amino acids: We found 0.84 micromols of
free amino acids per mg dry weight of epidermis
(Table I), which is about 2.5 to 3.5 times that of
liver, kidney or spleen (Table III). The visceral
organs were first blotted free of surface blood but
were not perfused. Analyses of duplicate samples
of epidermis varied by about 15%, the free amino
acids being about 11% of the total dry weight
(Table I).
This high level of free amino acids in epidermis
has been reported by others (35, 21, 22). Spier
and Pascher (35) found the total free amino acids
in human superficial horny layer (stratum dis-
junctum) to be about 12% of the dry weight and
about 45% of the total water-soluble constitu-
ents. These authors and others (1) also found
high concentrations in human sweat and sebum,
suggesting that these glands in the dermis as well
as the epidermal cells may be the source of the
free amino acids. From indirect evidence, how-
ever, Spier and Pascher concluded that these
compounds originate directly from the epiderinal
cells. Flesch and Esoda (37) conclude from their
work with callus and scales of patients with
desquamating skin conditions that the contribu-
tion of the sweat to the total water-extractable
free amino nitrogen content is negligible.
Radiation studies on the guinea pig skin re-
cently completed in this laboratory (38) revealed
increases in the concentration of total free amino
acids and TJCA of epidermis, in spite of the fact
that the sebaceous glands and apocrine sweat
glands had been destroyed by irradiation, sug-
gesting that these substances did not originate to
any significant degree from the organelles in the
dermis. In such healed, irradiated tissue the free
amino acids are limited to cellular and/or hu-
moral origin. The high free amino acid content of
epidermis and its probable cellular origin may be
explained by a theory proposed by Rothman (1),
"prior to or during the keratinization process hy-
drolysis takes place and the sulfur-containing
fragments are incorporated in situ nascendi into
the keratins, while other fragments remain in the
cell or in the cellular debris as free amino acids".
The theory is based on the fact that one can ex-
tract from hair (by means of cold water) a great
number of free amino acids, none of which are
sulfur-containing. As shown in Table II, a similar
situation is found in guinea pig epidermis. Direct
evidence for the origin and mechanism of accu-
mulation of free amino acids in epidermis has,
however, not yet been obtained.
Kit and Awapara (18) and other workers (19,
36) found each tissue examined to have a char-
acteristic free amino acid pattern. That for albino
guinea pig epidermis is shown in Table II. Eight-
een free amino acids were isolated and determined
quantitatively.1 The two amino acids of low mo-
lecular weight, serine and glycine, comprise 38%
of the total in epidermis. It is of interest to note
the low concentrations of the sulfur-containing
'It is a pleasure to thank Mr. Howard Gratzner
for performing these analyses.
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TABLE II
Amounts of various free amino acids in
normal albino guinea pig epidermis
Amino Acid
Micromols:
tracted*
Micromols
icr gmry wt.t
Serine
Glycine
Citrulline
Proline
Lysine
Alanine
Glutamic Acid
Arginine
Histidine
Aspartic Acid
Valine
Tyrosine and Phenylala-
nine
Threonine
Leucine
Isoleucine
Taurine
Methionine
20.20
17.50
10.48
10.20
10.00
8.18
6.47
5.90
2.55
1.82
1.33
1.43
1.09
1.03
0.64
0.62
0.57
168.00
147,00
88.00
85.60
84.00
68.80
54.40
49.50
21.40
15.30
11.20
12.00
9.15
8.65
5.38
5.20
4.80
Recovery 100.0±5.0
* Average of data from two animals.
f Using the average value 0.84 micromols per
mg. dry wt.
Based on total ninhydrin color in sample.
amino acids, taurine and methionine and the ab-
sence of cysteine and cystine which are present in
high concentration in keratin. Hydroxyproline
and hydroxylysine are absent, although they are
characteristic constituents of skin collagen. Using
a modification of the method of Neuman and
Logan (20), we found 3.3% of the dry weight of
epidermis to be collagen, as contrasted with
73.0% in the underlying dermis.
There are no other reports in the literature on
quantitative analyses of free amino acids in epi-
dermis. However, Spier and Pascher (35) deter-
mined quantitatively by paper chromatography
16 amino acids in the water-soluble extract from
human superficial horny layer (stratum disjunc-
turn). It is of interest that, except for the absence
of ornithine, the pattern of free amino acids in the
guinea pig epidermis is similar to that of
human material.
Roberts and Tishkoff (21) found that in new-
born mice and in hyperplastic epidermis the con-
centration of free amino acids was higher than
in normal adult animals. They isolated cysteic
acid, methionine sulfone, glutathione, "Oxidized"
glutathione and hydroxyproline, in addition to
18 other amino acids. German workers (22) who
carefully distinguished between the free amino
acids of the sweat, the epidermis and the dermis
of humans obtained results which are similar to
ours on albino guinea pigs. Besides taurine, they
found little or no free sulfur-containing amino
acids and no hydroxyproline. Serine, glycine,
citrulline, threonine and alanine were present in
highest concentration, besides 17 others.
Percentage of total free amino acids in epidernial
cells: About 100 mg of scraped epidermis was
washed six times with 0.25 M sucrose at pH 7.0.
In the first washing, the material was covered
with 2 ml of solution at 4°C. for 30 minutes and
the clear wash-fluid was removed by centrifuga.-
tion. The subsequent washings were made with
1 ml of solution, kept only three minutes at 4°C.
The results are shown in Figure 1. About 60%
of the total free amino acids were removed during
the first washing. After six washings, about 15%
remained in the tissue, probably within the epi-
dermal cells. In view of the high level in epider-
mis, this may still be a high cellular concentra-
tion when calculated on a cell volume basis.
Since it has been reported (23) that the intra-
cellular free amino acids of certain cells can be
washed out with amino-acid-free-isotonic solu-
tions, we repeated the experiment using a solu-
tion containing four of the principle amino acids
in concentrations similar to those in epidermis.
The rapidity with which they were removed (by
the two solutions) suggests that about 85% may
be present in the extracellular fluid and/or in the
Fig 1.
Fio. 1. Rapid removal of about 85% of epi-
dermal free amino acids by repeated washing with
0.25 M sucrose with and without added amino
acids (see text).
—o— O.25M Sucrose pH 7.0
—x— O.25M Sucrose plus
four amino acids
I 2 3 4 5 6
Sequence of washing
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TABLE III
Comparison of the content of free amino acids and
nucleic acids of epidermis with those of
other guinea pig organs
Constituent deinis Liver Spleen
Free amino acids m/
mg* dry
RNAy/mg dry
DNA 7/mg dry
0.74
14.10
12.40
0.18
18.30
7.60
0.31
16.90
15.40
0.29
26.00
34.50
—
58.00
14.50
* Calculated as alanine.
acellular stratum corneum (35). Similar results
were obtained with ammonia and IJCA.
Although microscopic examination of many of
the cells in the small sheaths of scraped and peeled
epidermis showed them to be apparently unin-
jured, the possibility exists that cell membranes
had been damaged sufficiently to produce some
"leakage" of free amino acids. An increase in free
amino acids resulting from proteolysis during re-
moval of the epidermis or the subsequent wash
period at 4°C. is, however, unlikely since we found
(in unpublished experiments) that the optimum
pH for autolysis of epidermal proteins is about
4.0—4.5 while measurable increases in free amino
acids can be detected only after about 8 hours of
incubation. At pH 7.0, which is about the reaction
of the scraped material, little or no autolysis of
protein occurred in epidermal homogenates, even
after 24 hours incubation at 37°C.
SUMMARY
The epidermis of albino guinea pigs was ann-
lyzed and found to contain: ammonia, 0.40;
urocanic acid (UCA), 0.53; total free amino acids,
11.0 (0.84 micromols per mg dry weight); RNA,
1.40; DNA, 1.24 and protein nitrogen, 11.8—
calculated in per cent dry weight. The moisture
content averages 64.4 per cent.
The concentration of total free amino acids in
epidermis is about three times greater than that
of guinea pig liver, kidney or spleen. Eighteen
free amino acids were isolated from epidermis and
determined quantitatively. The five amino acids
found in highest concentration (in per cent of the
total amino acids) were serine, 20.2; glycine,
17.5; citrulline, 10.5; proline, 10.2; lysine, 10.0.
Trace amounts of taurine and methionine were
also present; other sulfur-containing amino acids
were absent. Hydroxyproline was present only
in the bound form in epidermal collagen. There
was 3.3 per cent dry weight of this protein in
epidermis, as contrasted with 73.0 per cent in
the dermis.
By washing the epidermis repeatedly with
isotonic sucrose, it was shown that about 85 per
cent of the total free amino acids, ammonia and
IJCA may be in the extracellular fluid and/or in
the acellular stratum corneum.
These results were compared with published
data on the epidermis of other species, including
human.
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